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(57) The present invention provides a transparent 
substrate capable of improving the light extraction effi- 
ciency of an organic electroluminescence device, and 
an organic electroluminescence device with high lumi- 
nous efficiency and with excellent mass productivity us- 
ing the substrate. 

The present invention relates to a transparent sub- 



strate for an organic electroluminescence device char- 
acterized in that an optical interference film comprising 
at least one layer having such a refractive index and a 
film thickness as to reduce a quantity of reflection of light 
emitted from a light-emitting layer is provided on both 
sides of the transparent substrate in the organic elec- 
troluminescence device, and to an organic electrolumi- 
nescence device comprising the transparent substrate. 



Fig. 1 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a substrate for 
an organic electroluminescence device, and an organic 
electroluminescence device using it. 

BACKGROUND ART 

[0002] The organic electroluminescence devices are 
devices newly getting attention with recent increasing 
demand for flat displays. A device configuration pro- 
posed by Tang and Vanslyke is one consisting of an an- 
ode, a hole transporting layer an electron transporting 
light-emitting layer, and a cathode formed on a glass 
substrate (Appl. Phys. Lett., 51, 913, 1987). Other 
known devices include a device achieving lightweight 
and flexible natures by using a film substrate in place of 
the glass substrate (Semiconductor FPD World 2001, 
6, 152), a device adopting a top emission scheme 
wherein the cathode in the above device configuration 
is made of a transparent material and a transparent film 
is placed thereon, so as to extract light from the cathode 
side (Semiconductor FPD World 2001, 4, 136), and so 
on. The organic electroluminescence devices have ad- 
vantages overthe liquid crystal devices commonly used 
heretofore as flat panel displays. 

[0003] Namely, the advantages are less viewing an- 
gle dependence by virtue of self-emitting devices, low 
power consumption, and capability of formation of ex- 
tremely thin devices. However, they still have many 
problems to be solved, in order to be applied to flat dis- 
plays. One of the problems is a short emission lifetime 
of the device, A present solution to this is an improve- 
ment in the material of the light-emitting layer out of the 
components of the device to achieve the lifetime of ap- 
proximately ten thousand hours, which is less than a sat- 
isfactory lifetime for application of this device to the flat 
displays. The reason is that if a still image is displayed 
over a long period of time on a flat display in application 
of the short-lifetime device, there occurs an image re- 
tention phenomenon in which the difference in lumi- 
nance between on pixels and off pixels is visually rec- 
ognized as an after image. 

[0004] There are a lot of factors associated with the 
emission lifetime, but it is known that the lifetime be- 
comes shorter as a higher voltage is applied to the de- 
vice in order to enhance the luminance of emission. 
However, the luminance of emission of the display using 
the organic electroluminescence device is not satisfied 
by application of a low voltage, but on the contrary the 
luminance of emission has to be increased by applying 
a high voltage to the device, in order to secure visibility 
of the display outdoors during the day. As described 
above, the organic electroluminescence devices faced 
with such a dilemma that the luminance of emission 
needed to be lowered in order to lengthen the lifetime, 



whereas the lifetime became shorter with enhancement 
of visibility. 

[0005] In order to solve this problem, improvements 
have energetically been made heretofore in the material 
5 of the light-emitting layer in the organic electrolumines- 
cence devices. Namely, attempts were made to develop 
the materials of the light-emitting layer with high internal 
energy efficiency, in order to achieve a high luminance 
of emission with application of a lower voltage. 
10 [0006] On the other hand, Thompson et al. teach that 
the external energy efficiency indicating the luminous ef- 
ficiency of the organic electroluminescence device can 
be expressed by the product of the internal energy effi- 
ciency and light extraction efficiency of the device (Op- 
75 tics Letters 22, 6, 396, 1997). Namely, it is necessary to 
increase not only the internal energy efficiency but also 
the light extraction efficiency, in order to increase the 
luminous efficiency of the organic electroluminescence 
device. 

20 [0007] The light extraction efficiency is a rate of light 
released from the front face of the transparent substrate 
of the device into the atmosphere to light emitted in the 
device. Namely, the light emitted in the light-emitting lay- 
er needs to pass through interfaces between some me- 
25 dia with different indices of refraction before released 
into the atmosphere, and, according to the Snell's law 
of refraction, light incident at angles equal to or greater 
than the critical angle to each interface is totally reflect- 
ed by the interface to propagate and dissipate in the lay- 
so er or to be released through the side face of the layer, 
so that the light released from the front face of the device 
is decreased by that degree. 

[0008] The foregoing Thompson et al. describe that 
the light extraction efficiency of the organic eiectrolumi- 

35 nescence device is about 0.175, which means that ap- 
proximately 1 8% of the light emitted in the light-emitting 
layer is extracted to the outside of the device but the 
rest, about 82%, is confined in the device to dissipate 
or is released from the side face of the device. 

40 [0009] For this reason, a significant issue is to in- 
crease the light extraction efficiency and a variety of at- 
tempts have been made heretofore. The devices dis- 
closed so far include one in which grain boundaries are 
formed in the transparent electrode or in the light-emit- 

45 ting layer so as to scatter visible light (JP-B-3-1 8320), 
one in which a glass substrate with one surface being 
roughened is used as a transparent substrate to scatter 
the light (J P-A-61 -156691), and one in which a scatter- 
ing region is provided in the vicinity of the interface be- 

50 tween the electrode and the organic layer (JP-A- 
9-129375). However, these attempts all involve a risk of 
making the thickness of each layer of the device uneven 
and it can be the cause to induce dielectric breakdown 
and unevenness of emission of the device; therefore, 

55 those attempts were not satisfactory in terms of mass 
productivity of the device. 

[0010] Other devices disclosed heretofore include 
those in which an antiref lection treatment such as an 
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optical interference film is provided between the trans- 
parent substrate and the light-emitting layer (JP-A- 
2-56892 and JP-A-3-297090). However, these demon- 
strate the effect in inorganic electroluminescence devic- 
es with large refractive indices, but, in the case of the 5 
organic electroluminescence devices with relatively 
small refractive indices, they fail to achieve satisfactory 
effect, because the total reflection poses a significant 
issue not only on the interface between the transparent 
substrate and the emitting-layer-side transparent elec- 10 
trode but also on the interface between the transparent 
substrate and the atmosphere. 

[0011] For that matter, the above inventions are 
aimed at preventing the ambiemt light from passing 
through the transparent substrate and being reflected 15 
by the mirror-finished electrode on the back side of the 
device so as to degrade the display quality of the device 
such as contrast, and are thus significantly different in 
setting of the refractive index and thickness of the film 
in terms of extraction of light. 20 
[0012] Therefore, the problem of low light extraction 
efficiency of the organic electroluminescence device still 
remains unsolved. 

[0013] The present invention has been accomplished 
on the basis of the above-stated background and an ob~ 25 
ject thereof is to provide a transparent substrate capable 
of achieving an improvement in the light extraction effi- 
ciency of the organic electroluminescence device and 
to provide an organic electroluminescence device with 
high luminous efficiency and with excellent mass pro- 30 
ductivity using the substrate. 

DISCLOSURE OF THE INVENTION 

[0014] The present invention provides a transparent 
substrate for an organic electroluminescence device 
having the following features, and an organic electrolu- 
minescence device using it. 

(1) A transparent substrate for an organic electro- 
luminescence device, wherein an optical interfer- 
ence film comprising at least one layer having such 
a refractive index and a film thickness as to reduce 
a quantity of reflection of light emitted from a light- 
emitting layer is provided on both sides of the trans- 
parent substrate. 

(2) The transparent substrate according to the 
above (1 ), wherein the optical interference film has 
the refractive index of from 1 .1 to 2.3 and the film 
thickness of from 10 to 25,000 nm. 

(3) The transparent substrate according to the 
above 

(1) or (2), wherein the optical interference film is a 
multilayer film comprising a high refractive index 55 
film and a low refractive index film, or a multilayer 
film comprising films of different thicknesses. 

(4) The transparent substrate according to the 



above (1), (2), or (3), wherein the optical interfer- 
ence film is one obtained by applying a sol-gel ma- 
terial of a metal oxide onto the transparent substrate 
and baking the material. 

(5) The transparent substrate according to the 
above (4), wherein the sol-gel material of the metal 
oxide is one resulting from polycondensation of a 
metal alkoxide in an organic solvent in the presence 
of an acidic compound or a basic compound. 

(6) The transparent substrate according to the 
above (5), wherein the metal alkoxide is an alkox- 
ysilane or a tetraalkoxy compound of titanium, zir- 
conium, aluminum, or tantalum. 

(7) The transparent substrate according to any one 
of the above (1) to (6), wherein the optical interfer- 
ence film is one obtained by forming a film of a sol- 
gel material of a metal oxide on both sides of the 
transparent substrate by a dip method and baking 

... the film. 

(8) The transparent substrate according to any one 
of the above (1 ) to (7) , wherein the transparent sub- 
strate is a silica glass, a soda glass, or an organic 
film. 

(9) An organic electroluminescence device com- 
prising the transparent substrate as defined in any 
one of the above (1 ) to (8). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] 



transparent electrode and the transparent sub- 
strate and propagating in the device 

6. Light reflected on the interface between the 
transparent substrate and the atmosphere and 
propagating in the device 

7. Light not totally reflected on the interfaces, 
so as to be extracted from the device 

8a and 8b. Optical interference layers accord- 



Fig. 1 is a sectional view showing an application of 
the transparent substrate according to the present 
invention to the organic electroluminescence de- 
55 vice. 

Fig. 2 is a sectional view showing an illustration of 
internal confinement of light from the light-emitting 
layer in a case using a conventional transparent 
substrate. 

40 Fig. 3 is a sectional view showing an illustration of 
extraction from the front face of the substrate, of 
light from the light-emitting layer in a case using the 
transparent substrate according to the present in- 
vention. Description of Reference Symbols 

45 

1 , Transparent substrate 

2. Transparent electrode 

3, Organic layer having the light-emitting layer 

4. Electrode 

50 5. Light reflected on the interface between the 
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ing to the present invention 

9. Transparent substrate for the organic elec- 
troluminescence device according to the 
present invention 

1 0. Light extracted to the outside of the device 
by action of the optical interference layers ac- 
cording to the present invention 

1 1 . Light extracted to the outside of the device 
by action of the optical interference layers ac- 
cording to the present invention 

G-j. Angle of total reflection on the interface be- 
tween the transparent electrode and the trans- 
parent substrate 

0 2 - Angle of total reflection on the interface be- 
tween the transparent substrate and the atmos- 
phere 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0016] An example of the organic electrolumines- 
cence device using the transparent substrate of the 
present invention is shown in Fig. 1. The device in the 
configuration of Fig. 1 is normally fabricated by succes- 
sively depositing a transparent electrode 2, an organic 
layer 3 including a light-emitting layer, and an electrode 
4 on a transparent substrate 9 according to the present 
invention. Since these deposited layers are very thin, 
they may cause dielectric breakdown if the surface of 
the transparent substrate is rough. Therefore, the de- 
vice-side surface of the transparent substrate 9 accord- 
ing to the present invention needs to be smoothed well. 
[0017] The present invention is also applicable to the 
device configuration of the top emission scheme, and in 
this scheme the light-emitting device is formed on an- 
other substrate and thereafter combined with the trans- 
parent substrate 9 according to the present invention. 
[0018] In use of the transparent substrate 9 with the 
optical interference films according to the present inven- 
tion, as to light which is emitted from the light-, emitting 
layer 3 of the organic electroluminescence device and 
which is incident at an angle near the normal to the 
transparent substrate 9, interference occurs to reduce 
reflected light, because the phases of the reflected light 
and incident light on each film interface are reverse to 
each other; whereas transmitted light increases by that 
degree according to the momentum conservation law of 
light on the interface. For this reason, it becomes feasi- 
ble to extract a greater quantity of light from the front 
face of the transparent substrate. 

[0019] On the other hand, in a case using a conven- 
tional transparent substrate 1 without optical interfer- 
ence films as shown in Fig. 2, light 5 incident at angles 
equal to or greater than the critical angle 6 1 to the trans- 
parent substrate 1 among the iight generated by the 
light-emitting layer 3, is totally reflected. The totally re- 
flected light is again totally reflected on another elec- 
trode surface 4, and through repetitions of this process 
the light propagates in the device to dissipate. Even light 



incident at angles below the critical angle 0-, into the 
transparent substrate 1 is again subject to reflection and 
refraction on the interface between the transparent sub- 
strate and the atmosphere, and light 6 incident at angles 
5 equal to or greater than the critical angle 6 2 is totally 
reflected and propagates in the transparent substrate 1 , 
so as to result in failure in extracting the iight from the 
front face of the substrate. 

[0020] In contrast, the use of the transparent sub- 
10 strate with the optical interference films 8 according to 
the present invention enables the extraction of some 
portion of the light from the front face of the transparent 
substrate, as shown in Fig. 3, even if the light is incident 
at angles equal to or greater than the critical angles 0 1 
15 and 6 2 from the light-emitting layer to the interfaces with 
the transparent substrate, though the principle still re- 
mains unclear at this stage. Accordingly, the external lu- 
minous efficiency of the ordinary organic electrolumi- 
nescence devices can be largely increased by merely 
20 using the transparent substrate according to the present 
invention and, in turn, it becomes feasible to achieve 
both the satisfactory emission luminance and lifetime of 
the organic electroluminescence devices as described 
previously. 

25 [0021] Since the transparent substrate according to 
the present invention is of the structure with the optical 
interference films on both sides, it has the advantage 
that a coating method capable of producing a large-area 
substrate at low cost, such as a dip method, can be ap- 

30 plied. 

[0022] The transparent substrate applied to the 
present invention is a transparent substrate such as a 
silica glass, a soda glass, or an organic film. The sub- 
strate may be one with a color filter or a black matrix on 

35 the surface thereof. An optical interference film compris- 
ing at least one layer having such a refractive index and 
thickness as to decrease the quantity of reflection of the 
light emitted from the light-emitting device is formed on 
both sides of this transparent substrate. For example, 

40 in a case where the optical interference films of single- 
layer structure are provided, their thickness and refrac- 
tive index are set so as to minimize the reflectance on 
the basis of the formula below. 

45 

R={(n 2 -n g xn t )-(n 2 +n g xn t )} 2 

[0023] The transparent substrate is in contact with the 
transparent electrode while forming a reflective inter- 

50 face, and conditions for zeroing reflection at a specific 
wavelength X with a monolayer film being placed on the 
interface are n= (n g xn t ) 1/2 and nxd=(U4)xN, where d 
is the thickness of the optical interference film, n the re- 
fractive index thereof, n g the refractive index of the 

55 transparent substrate, n t the refractive index of the 
transparent electrode, and N an arbitrary natural 
number. In application to the antiref lection film of the dis- 
play, the reflection over the entire visible light region is 
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taken into consideration; and thus X is normally set 
based on 520 nm being the center wavelength. In the 
present invention N is normally used in the range of 1 
to 50. 

[0024] The above formulas indicate that it is neces- 
sary to satisfy the amplitude condition that the refractive 
index of the film is a square root of the refractive index 
of the substrate and the phase condition that the optical 
thickness of the film is N times quarter of the center 
wavelength. For example, supposing the refractive in- 
dex of the transparent substrate is 1 .5 and the refractive 
index of the transparent electrode is 2.0, the refractive 
index of the monolayer film to be used should be 1 .73. 
In addition, supposing the center wavelength is set at 
520 nm, nxd=130 nm and the thickness of the monolay- 
er film can be set to N times about 75 nm. As described, 
the optical interference films according to the present 
invention normally have the refractive index preferably 
in the range of 1 .1 to 2.3 and particularly preferably in 
the range of 1 .2 to 1 .9. The thickness of the films is nor- 
mally preferably N times 10-500 nm and particularly 
preferably N times 50-200 nm; normally, the thickness 
falls preferably in the range of 1 0 to 25,000 nm and par- 
ticularly preferably in the range of 50 to 1 0,000 nm. 
[0025] It is also possible to use multilayer films such 
as double-layer films, for the purpose of controlling the 
reflection at a relatively low level in a wider wavelength 
range. There are two preferred configurations of the 
double-layer films. One of them is a sequential stack of 
a high refractive index film and a low refractive index 
film, the difference between refractive indices of which 
is preferably 0.01 -1 .00 and the thicknesses of which are 
set so as to hold down the reflectances on the respective 
films. The other is a type in which the structure is the 
same but the thicknesses of the respective films are 
preferably N times quarter of the center wavelength and 
N times half of the center wavelength. 
[0026] Furthermore, the optical interference films may 
also be multilayerfilms composed of triple ormore-layer 
films, for controlling the reflectance at a low level in a 
far wider wavelength range. A constituent material for 
the optical interference films according to the present 
invention can be any material out of organic monomo- 
lecular substances, organic polymers, and inorganic 
metal oxides that can achieve the appropriate refractive 
index and film thickness determined on the basis of the 
above formulas, and it is preferable to use a sol-gel ma- 
terial being a polycondensate of a metal alkoxide. The 
sol-gel material is obtained by polycondensation of the 
metal alkoxide in an organic solvent in the presence of 
an acidic compound or a basic compound. 
[0027] The acidic compound can be one selected, for 
example, from mineral acids such as nitric acid, hydro- 
chloric acid, and so on, and organic acids such as oxalic 
acid, acetic acid, and so on. The basic compound can 
be, for example, ammonia or the like. Specific examples 
of the above metal alkoxide include: tetraalkoxysilanes 
such astetramethoxysilane,tetraethoxysilane, tetrapro- 



poxysilane, tetrabutoxysilane, and so on, trialkoxysi- 
lanes such as methyltrimethoxysilane, methyltriethox- 
ysilane, ethyltrimethoxysiiane, ethyltriethoxysilane, pro- 
pyltrimethoxysilane, propyltriethoxysilane, butyltrimeth- 
5 oxysilane, butyltriethoxysilane, pentyltrimethoxysilane, 
pentyltriethoxysilane, hexyltrimethoxysilane, hexyltri- 
ethoxysilane, heptyltrimethoxysilane, heptyltriethoxysi- 
lane, octyltrimethoxysilane, octyltriethoxysilane, 
stearyltrimethoxysilane, stearyltriethoxysilane, vinyltri- 

io methoxysilane, vinyltriethoxysilane, 3-chloropropyltri- 
methoxysilane, 3-chloropropyltriethoxysilane, 3-hy- 
droxypropyitrimethoxysilane, 3-hydroxypropyltriethox- 
ysilane, 3-glycidoxypropyltrimethoxysilane 3 3-glycidox- 
ytriethoxysilane, 3-methacryloxytrimethoxysiiane, 

15 3-methacryloxytriethoxysiiane, phenyltrimethoxysilane, 
phenyltriethoxysilane, trifiuoropropyltrimethoxysilane, 
trifluoropropyltriethoxysilane, and so on, and dialkoxysi- 
lanes such as dimethyidimethoxysilane, dimethyldi- 
ethoxysiiane, and so on; titanium tetraalkoxide com- 

20 pounds such as titanium tetraethoxide, titanium tetrap- 
ropoxide, titanium tetrabutoxide, and so on; zirconium 
tetraalkoxide compounds such as zirconium tetraethox- 
ide, zirconium tetrapropoxide, zirconium tetrabutoxide, 
and so on; aluminum trialkoxide compounds such as 

25 aluminum tributoxide, aluminum triisopropoxide, alumi- 
num triethoxide, and so on; barium dialkoxide com- 
pounds such as barium diethoxide and the like; tantalum 
pentaalkoxide compounds such as tantalum pentapro- 
poxide, tantalum-pentabutoxide, and so on; cerium 

30 tetraalkoxide compounds such as cerium tetramethox- 
ide, cerium tetrapropoxide, and so on; yttrium trialkoxide 
compounds such as yttrium tripropoxide and the like; 
niobium pentaalkoxide compounds such as niobium 
pentamethoxide, niobium pentaethoxide, niobium pent- 

35 abutoxide, and so oh; and cadmium dialkoxide com- 
pounds such as cadmium dimethoxide, cadmium di- 
ethoxide, and so on; and these can be used singly or in 
combination of two or more compounds. 
[0028] Among the alkoxysilanes as described above, 

40 jt is preferable to use the tetraalkoxysilanes such as te- 
tramethoxysilane, tetraethoxysilane, and so on, the tri- 
aikoxysilanes such as methyltrimethoxysilane, methyl- 
triethoxysilane, ethyltrimethoxysiiane, ethyltriethoxysi- 
lane, and so on, the titanium tetraalkoxide compounds, 

45 the zirconium tetraalkoxide compounds, the aluminum 
trialkoxide compounds, and the tantalum pentaalkoxide 
compounds. 

[0029] Specific examples of the organic solvent used 
in the above polycondensation of the alkoxysilane and 

50 metal alkoxide, and in dissolution of metal salt include 
alcohols such as methanol, ethanol, propanol, butanol, 
and so on; ketones such as acetone, methyl ethyl ke- 
tone, and so on; aromatic hydrocarbons such as ben- 
zene, toluene, xylene, and so on; glycols such as ethyl- 

55 ene glycol, propylene glycol, hexylene glycol, and so on; 
glycol ethers such as ethyl cellosolve, butyl cellosolve, 
ethyl carbitol, butyl carbitol, diethyl cellosolve, diethyl 
carbitol, and so on; N-methylpyrrolidone; and dimethyi- 
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formamide; and these can be used singly or in mixture 
of two or more solvents. For the purposes of enhancing 
the long-term storage stability of the coating liquid and 
preventing uneven drying in applying the coating liquid 
onto the substrate, it is preferable to distill a low-boiling- 
point alcohol produced as a byproduct, after completion 
of hydrolysis, to increase the boiling point and viscosity 
of the solvent in the coating liquid. 
[0030] Now, an example of a method of producing the 
transparent substrate for the organic electrolumines- 
cence device according to the present invention will be 
described. First, the aforementioned polycondensate of 
the metal alkoxide is dissolved in the aforementioned 
organic solvent to prepare a coating liquid. 
[0031] This coating liquid is applied onto both sides 
of the transparent substrate by a coating method usually 
employed, such as a dip method, a spin coating method, 
a transfer printing method, a brush coating method, a 
roll coating method, a spraying method, orthe like. From 
the viewpoint of mass productivity, it is preferable to em- 
ploy the dip method by which the coating liquid can be 
smoothly applied onto both sides in a single operation 
and which can readily achieve application even over a 
large area. The resultant coating films, if made from the 
metal alkoxide, are dried at a temperature of 50 to 80°C 
and thereafter baked at a temperature of at least 1 00°C, 
preferably 100 to 500°C, for 0.5 to 1 hour, though the 
conditions depend on the material. This thermal curing 
can be conducted with use of equipment such as an ov- 
en, a hot plate, orthe like. 

[0032] Then the transparent substrate provided with 
the coating films is subjected to smoothing, if necessary, 
by a method such as polishing, pressing, application of 
a transparent planarizing film, orthe like. 
[0033] Although the case of the single-layer films was 
described above, the optical interference films of multi- 
ple layers can be formed by repeating the steps as de- 
scribed above. In the case of the optical interference 
films of multiple layers, it is a matter of course that the 
compositions, the film thicknesses, and the refractive in- 
dices of the respective layers constituting the optical in- 
terference films may be determined Independently of 
each other. 

[0034] The present invention will be explained below 
in further detail with examples, and these should be con- 
sidered merely as illustrative but not restrictive on the 
present invention. 

EXAMPLE 1 

[0035] A silica-base sol-gel coating material (trade 
name LR-201A manufactured by NISSAN CHEMICAL 
INDUSTRIES, LTD.) was applied onto both sides of a 
glass -substrate by the dip method so as to form a film 
in a thickness of 103 nm on each side. This substrate 
was heated to bake at 51 0°C in an oven for 30 minutes. 
The substrate was taken out from the oven and the re- 
fractive index of the coating films was measured and 



found to be 1.26. Furthermore, the reflectance of this 
substrate for light at the wavelength of 550 nm was 
measured and found to be 2%. Since the reflectance of 
a glass substrate obtained without the present treatment 
5 was 4%, it was confirmed that the reflectance was de- 
creased by the present treatment. 

EXAMPLE 2 

10 [0036] (Silica plus inorganic oxide)-base sol-gel coat- 
ing materials (trade names H-7000, H-1000, and LR- 
202 manufactured by NISSAN CHEMICAL INDUS- 
TRIES, LTD.) were laminated on both sides of the glass 
substrate by the dip method so as to form films in a thick- 
's ness of 103 nm. This substrate was heated to bake at 
510°C in the oven for 30 minutes. The substrate was 
taken out from the oven and the reflectance of the sub- 
strate for light at the wavelength of 550 nm was meas- 
ured and found to be 0.3%. Since the reflectance of the 
20 glass substrate obtained without this treatment was 4%, 
it was confirmed that the reflectance was decreased by 
this treatment. 

EXAMPLE 3 

25 

[0037] Organic electroluminescence devices were 
formed using the transparent substrates with the-optical 
interference layers obtained by above Examples 1 and 
2, and the transparent substrate without the optical in- 

30 terference layers as a comparative example. An indium- 
tin oxide (ITO) layer was formed as a transparent elec- 
trode in the thickness of 1 00 nm by sputtering on one of 
the optical Interference layers of each transparent sub- 
strate. At this time the sheet resistance was 20 ^cm 2 . 

35 [0038] The following layers were successively formed 
on the surface of the transparent electrode: a hole-trans- 
porting layer in a thickness of 70 nm of an oligoantline 
derivative described in Japanese Patent Application No. 
2000-341775 previously filed by the present applicant 

40 (one obtained by dissolving an aniline pentamer in DMF 
and doping it with 3-fold mol equivalent of 5-sulfosalicyl- 
ic acid); a light-emitting layer in a thickness of 50 nm of 
N,N'-bis(1 -naphthyl)-N,N'-dipheny(-1 ,1'-bisphenyl-4,4'- 
diamine (a-NPD); and an electron-transporting layer in 

45 a thickness of 50 nm of tris(8-hydroxyquinoline)alumi- 
num (Alq 3 ). Then a magnesium-silver alloy was evapo- 
rated to form a cathode. In this case the thickness of the 
cathode was 200 nm. 

[0039] A voltage of 1 0 V was applied between both 
50 electrodes of the organic electroluminescence devices 
formed in this manner, to measure the quantity of emis- 
sion from the front face of the transparent substrate. The 
measured values of the devices formed with the trans- 
parent substrates of Examples 1 and 2 were compared 
55 relative to that of the comparative example defined as 1 . 
[0040] As a result, the device of Example 1 demon- 
strated the value of 1 .2, and the device of Example 2 
the value of 1.3, and it was confirmed from the result 
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that the use of the transparent substrate according to 
the present invention significantly increased the lumi- 
nance of surface emission from the organic electrolumi- 
nescence devices of conventional structure. 

INDUSTRIAL APPLICABILITY 

[0041] As detailed above, the substrate for the organ- 
ic electroluminescence device according to the present 
invention is excellent in mass productivity, and, by con- 
structing the device using the substrate, it is feasible to 
fabricate the organic electroluminescence device with 
improved light extraction efficiency to the outside. 



Claims 

1 . A transparent substrate for an organic electrolumi- 
nescence device, wherein an optical interference 
film comprising at least one layer having such a re- 
fractive index and a film thickness as to reduce a 
quantity of reflection of light emitted from a light- 
emitting layer is provided on both sides of the trans- 
parent substrate. 

2. The transparent substrate according to Claim 1, 
wherein the optica! interference film has a refractive 
index of from 1 .1 to 2.3 and a film thickness of from 
10 to 25,000 nm. 

3. The transparent substrate according to Claim 1 or 
2, wherein the optical interference film is a multilay- 
er film comprising a high refractive index film and a 
low refractive index film, or a multilayer film com- 
prising films of different thicknesses. 

4. The transparent substrate according to Claim 1 , 2, 
or 3, wherein the optical interference film is one ob- 
tained by applying a sol-gel material of a metal ox- 
ide onto the transparent substrate and baking the 
material. 

5. The transparent substrate according to Claim 4, 
wherein the sol-gel material of the metal oxide is 
one resulting from polycondensation of a metal 
alkoxide in an organic solvent in the presence of an 
acidic compound or a basic compound. 

6. The transparent substrate according to Claim 5, 
wherein the metal alkoxide is an alkoxysilane, or a 
tetraalkoxide compound of titanium, zirconium, alu- 
minum, or tantalum. 

7. The transparent substrate according to any one of 
Claims 1 to 6, wherein the optica! interference film 
is one obtained by forming a film of a sol-gel mate- 
rial of a metal oxide on both sides of the transparent 
substrate by a dip method and baking the film. 



8. The transparent substrate according to any one of 
Claims 1 to 7, wherein the transparent substrate is 
a silica glass, a soda glass, or an organic film. 

5 9. An organic electroluminescence device comprising 
the transparent substrate as defined in any one of 
Claims 1 to 8. 
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